Eng Ahmed sobih 


ujjiiii qIaIsh j&i j£L vi 


J & j !\ ia ij^Ja U Ao^LujVI CjLa ijJjlaJ! 

Basic information for over head 
transmission lines 



*■* jxll ^jc- ^ jIjc-I 


^jdx^a jjjjtJl JLtC. JLa^.1 / (Jjj. ) , f^.xi 
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Eng Ahmed sobih 


ujjiiii (jioLj j£L vi 



4 fit! SjMuJl 

£;L lua JjjxJI Jj£ -Ua/; ,4 — ^y/ 

AjjjfSJ! ZutHfJ) (JmjjjjJISj : JAjaJI 

19% ZJjUf : 4 *aL>JI 


Training: 


jIjjjJ! 


1 - Basic line maintenance (BLM) from 5/11/1999 to22/12/1999 

2- Live working light maintenance ( HV1 ) from25/12/1999 to 
9/2/2000 

3- Hot washing for insulators under voltage from 11/11/2007 to 

6/12/2007 \D 

£ja AjAxII djLo aSjjuo ^Ic- Jill! Ja 4_LudLudVl djLa ^1 x^ 1! Jlxi ; JLi^mAJ 

)^A ^ Jaliill ^jlaxll CljLiajJa jl <- t 21a j 4_ill la jt->^l! 4il_ij^a ^ (jlLatxllj e-ULlj^aVl 

axJ ^xJ 12 a 4x.llx^a ClbaS 12 a ^9 ^jlLalxl! S^liJl L_jl^j^al S^LolLujI ^xJj 

(ja ^a^xSI L^jj (J >*11 La (JjLgLxSI L<ij djliLjaVl j d-L/Lpxill 


Over head transmission lines Jiil) JijLa 

I^ja ^jujLujVI ^A ^11 .lljil! djUa^G ^ja 4-iJ^ill 45Uall Jij jmj j J k 

^ laid! ^ ^11 Lal9 ^ aM*uA\ U£ Jill! Ja jlai *l£j| Al l S A 


4jljx.rO jill — 4-xjuJI — 4-lcrlixll — Lajlixll ;^-A CIijIjJ 4_xj^)Ij ^j^^I! Jail! Ja j^y aikj j # A m a 

# L^Lu9 ^)x x«ol 4 jljx«o jil! Ja^j S^lxll ^9 j 
;4 jlllll djlc. j^'N^ll ^11 Lgll^IaV \ qj)o 4-iJ^^ll £_£jill Jij lajlo'N ^ x xiVi j 

80 (jC' 1-gl^L J£j J 6j^a9 la j]q*s - 
240 80 ^ tgl ^ j!^)2j J J^l 3 ^ 4 LxxijlLa la j]q*s - 

240 O^ 0 1-gl^l 3 *l}Jj J Ja - 

4^J (j) ^9 j # I^JLaA! jl jldioVI lAikl j Clul jjll cJ2^ U ^ 0 ^ lS^ l j 

j 4-C. ^9 4-xjoiII C-i^J JL^aII liA ^9 j ,CjU xxi^xll ^9 4JaLaull 4JL^. ^9 4-1 ^jllnll 

^jljJCr! ^- Cr ^9 LgI 4 4-ijlilll 4-C. 4 m ^ 4Ja^j Aic. b^^^A A ^jq^ ^LiiCrVI ^3 

b (J ^lall ^>4 11 c5 ^juJI c :> ij^n Ja^-ll (J ^Ja 4 -xjuJI £J jjJ 

^Hatll (Jj^ is^ jlo^ (jj ^Vij 

Generation ^ .1 

Transmission lines j-^ .2 

Loads J' a^VI .3 


^jdx^a jjjjtJl -liC. JLa^.1 / (Jjj. ) , f^.xi 
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ujjili! El vi 


<jj| J a jE*v CjE ^A j <Ea ^EeJI a^A qa ~ LS^ 4-uil^ill a^A L_fl^)*lij e_fl jjujj 

Ja jEVl Ajlij^a Ea^lklLouJl djI^lxElj 4-allEdl EEj^all J (OVERHEAD LINES) 

# Ja jUxll LgJ ^a^xJJ ^lll jAl ^lallj 


Towers 

Insulators 

Conductors 

Accessories 

TOWERS 


:^u1 JajJa_aJ) CjU j < * 

c'A' .1 

JjijJi .2 

dj^E^a^dl .3 

CjIjI ^jouuo^^M .4 

■&I -1 


(j-a ^lajjl ^Ic. d-L/E^a^El ^lc> Jali^Jl ^A<Cj^)££ 1 I ^I^N ^al^klLuj! ^ja ^a^-ll 
4 -AAAj^aJj Ja_kll ^_lc> ^"^)_lSl 4 qK *1 A^UJUj q ^\ X j\l 1 g X xJo* J (j^J ' g llj 4 -Lai <ECjdA ^^Ac. dllli^j 

^^lall ^jC- dllli^j JaxII cJij^laj JEj 

Galvanized J wood < o “Al t o*Eb u^j j^VI c> ^ e5Ea j 

$jdE ^j^ll ^j-JI cjl l>^mj 3-JEdl jj_gj*JI L5-^ E^jj_d ls-^' u> steel 

£-Jjl cUaJ £-| j _ j ! d^. jJ Ea,vi‘Eti (JjEl <j^a*J ^ ) (jAlil jl ( 3 phaSe ^ jl c 5 jIEj l £ )Sd^l J 

^jAJI d^Jlj (^yaj) y $\j djiE^a ja\\ (JAJ dAiEoiA J j_^.j (*Jl A x-rVl dJC- ^_C>I^)J ^jl I'NJ j ( ^)j|jj 


| E£ ^A (jiajllj dj^E^a ^ aII AiEjdEl 

UP TO 33 KV 5.8 m 

33 KVTO 66 KV 6.0 m 

66 KV TO 132 KV 6.7 m 

132 KVTO 275 KV 7.0 m 

275 KV TO 400 KV 7.3 m 

C^l JfSt .kiJt jLjla j £jJ| 4iJajl Ujj Adbj^ill ^IjjVI ja^A^aj ^jj (1 - 1) 

^IjjVI ^) a ^\ jlijli <^ill <JaI j*dl 

.^daa^dl ^aJI .1 

.^•^Jl 1 ^ E^j .2 

j* jlii — 1^-1 a ^ a \ j*J! 3 

) * AiEjd3l j dj^E^a \\ ^)Ua 3 l .4 
.£( jjVI (j^ 5iEjd3l .5 

a^aVumaW £\ jjVt -jj! (2 - 1 ) 

^Ua.1 % 80 £' jjVI o^a (Suspension towers ) <j^' .1 

^Vudj Ja^Jl 

.iaiJl A*ill l^j^li j (tension towers) ^ jj' 

^ ^ jVI JjIjj ^ j (transposition towers) dpLd' ^ jj' 






.2 

.3 


t E -v \i (J^daJ (J-^ C5^ ^ * 31 J^Eu 


. l^j^lij ( angle towers ) ^u' jl' jj' .4 

jl^VI jjjfr .lie. oiA ^.. i i>n , n ( crossing towers ) £'j4 .5 

^ ^ jSVl Ja jE^\i j| 

lU=>j l^iilij J-i ^Ij-jI ( ter min al towers ) ^i j ajI^j ^IjjI .6 

a^.lj ^ ^ ^ 2^ d-juall 


^jdx^a jjjjtJl J. 1C* J A^/ / 
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-Jjiill qIa Lj jSJj vi 


• j 4 jjoUJ^) 1I 4_ilc> L^jJa^a S 220 cJ^4 



( Insulator ) J j^' <14^ . 1 
(Bundle of two conductors ) jjjiil <> <^jp. 2 

(Spacer ) J^ta .3 

(Steel wire or OPGW wire ) £ j4l g^-' g4 gr^jV' -4 

6^.lj 5_1J^£ yjK *«\ ClL^L^a j-a CJ^II # 5 

(Identity or Notice plate) grLtf^' jl=^ j^j i^dl ajja ajLj*j .6 

Anti-climbing (^-4 gjLall .7 

(Jiil) Jajla'N ^5 AjuLuoII (j-G jOLaJ (j>ix \ (JI£jujVIj 



275,000 Volts 

275,000 Volts 

275,000 Volts 

132,000 Volts 

1 32,000 Volts 

double circuit 

single circuit 

single circuit 

double circuit 

single circuit 

steel tower 

steel tower 

double Stobie pole 

steel tower 

steel tower 


^jdx^a jjjjtJl JLtC. JLa^.1 / (Jjj. 1 , f^.xi 
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-Jjiill qIa Lj jSJj vi 




^ 7 1 

*7 7 1 

^71 


132,000 Volts 
double circuit 
steel lattice pole 


132,000 Volts 
single circuit 
steel lattice pole 


132,000 Volts 
single circuit 
spun concrete pole 


132,000 Volts 
single circuit 
Stobie pole 


66,000 Volts 
single circuit 
steel lattice pole 


66,000 Volts 
single circuit 
Stobie pole 


66,000 Volts 
double circuit 
Stobie pole 


Electrical insulators 




J_aj djLSjjujj Ja C jI— jj ^aI ^a CjV J— • 4 Ai ^ a 

(J \x Lilli C Q jll^j AiUall (J^j ^A j 

(jc. A^jUII 4—^. ja (J_ixjaull J j g iu*n CjV jl— *-ll 

% 80 J Jajl .29 j (J dj\ jl^C- ijuij J 4 j.2c>^)]| <* q 

Li 4 jljx LiMl Jjg ‘nII (J/iVl LLaVjtxJl ^a.2C> L- iJbudJ clL^ 3 L&aH JajjJi'N ^5 Jl InC. V 1 

# CJ jlill 

i4jl}j££A\ Jjljall 4juaiijjl\ ljLILIaII (1 — 2 ) 

.t-ajjkll I jjj) Cliaj aJ 

A ;.a' > a^a jj&j ^ j i__ul LaLaj A <11 ^ 

A Ixyv A jy^AA 


.2 

.3 

.4 

.5 


flashover. jW^'jpuncture y4^'-4' <ujli« 

Ijl o jfclla ^ *Lu*j jil J^tjadl (2 — 2) 
^mjudj cjV jL*JI cj jii <l£joui Uiii 
# (J ^Jajuj ^ic, AilUl Cj jlill ja 

l " a q 1 !•> t ij _ 

ja j conductivity surface J jl^dl jLiy^il ja i t n m\ t I^a j±i*j 

ajlo'S (Jj! 

Jjtjxi) ^ijSi (3-2) 

; ALiVI (Jjl jxl I l qjUfVi ^aJJ 

^il! (jyi c** n^s Vjl (1 — 3 — 2) 
jLuauJlj Aj^Llall . 1 



LT^ 


Cap & Pin 


-iic- , lo^/ / ^j»jp 
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-Jjiill qIa Lj <&l jSJj vi 



j^ A Ajuj Lai ^A j 

Displacement insulators **■' j' Jj'j- 6 - 

# <L^.I jVI Ajuj jjfL I^Aj f Jud ^ CjC' J* J (Jj^a J-dl 4^.1 jV 

; ^jUjllI C_li£jlll Cll 


Long rod aL^LII jLJI jj .2 

& jd. XLXi <Lajlc. J j£1luJI JaUa-olljl jdl^ ^)^2l j-a 

4_Lujj *U jx^ll]| <La^Ldl jl ^juj| ^jJa jl (Jjtc> (J^ 

j^jaillj Lo^ ^ ^jjLll^ ^^l2a^a £_lx-all 

4 -iiIa jll cin^ j-a tjlj (2 — 3 — 2 ) 

(i .3 J Jt j-c- . 1 

jl jl ji* Ul ^ j Suspension insulators 

.U cJ ^ 5 jiA cJ ^ 5 

Tension insulators e — ^ Jj'jm^ .2 


.3 


, <> 15113 ( 3 - 3 - 2) 

: uA^ jjA J jljc- -1 

JaJ_l^Jl (j*s juoJj jljl j-£Jl S^Laj ^jfLiLuji'LlI jJjLSlI SjLa Jal^Jj ^j^La^Wl djl SiL* Jj (j* (J jtxll ^U^ljj 

SAjuj jl jj ^jill J S^Ldl 4-LaLoiAj <JjUa^ll A J^J \\ ^J^ll S jLlI j^J (j jl jl C^yKj ^£J 4 _AjujI_Lo]| S j^)^Jl 

jjLoj jjJI <j_* ^ i x ^ij j 60 Kv/cm yA jGj>VI uj j JL^I lA^j J j*Jl 

.^l^uJ! ^LONG ROD jCAP&PIN 

; 4-i^.L^ jll J jlj*Jl -2 

<_iltc. i>> aAji <ljl40Kv/cm cA) A^a-i Ljll^ ^3° ujA^j cIlAA-^ l>^ ^l^jll jLj 

jj*-lLi A \*\aa ^j^yui jl <Lj j^ djLc.La9 jl L_ul j^uj (_£ I <Ljj.J (J» >J Lo-a L-iilijuj AjIj jLLaJj 
J-A^Iil! J (J j_X_ll l* M'S j--a \ g 3 JUlLq j jLl ^9 AjiiJUdJjjJlj 4j^l >3^' (Jj^ J*H S>Ll (jl 

LiLkb a 5 <jli ^ cjj^. Aic. <j| jA 

(jLa 5—i^.L^.^ll J jl j«JI L^l jjjxllj <jj jj V cA^l^j ^ j\3.. Uj> U^A' cJ jl 

. Cap & Pin c> cJj' jll c> ^ j?JI ^ 

^tjj/ ^J/ ltf-4MMjjj q£ajj AJXLLaJ! Aj Lull lJjjJHI ULda aJXLLa JISJuL JJl Jjl jxJ) £jm*oj l jS^I J$ j 

: cf& j Jifl+A JtSJj) 

Standard insulator J j^t ( I 

<jJai^lAll (jiaLl^ ^9 ^Ia^JjujVI ^jLill (Jjljdl 



Anti-pollution insulators ^ jli 11 ±j^1\ J jUll ( II 

(J jLc. Ja^uo jLo dj^_b ell I j (jlal_Ldl (J jL*_l! I^A L-LujIjj 

cjjlill jiih JJclLi (creepage distance ) j 

<judLuJI (J^A 3 *^elj j ^Jl <L^.L^JI jj^j 


^jdx^a jjjjtJl J. 1C* JLa^.1 / (Jjj. 1 , f^.xi 
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Aerodynamic insulators ( III 

c_ue_j^al) Ajli LaLaJ ^Jajaixi AiVj Aj J 

jUa^Vlj jjlillj A_ilc. ^ 1 

^r ^.1 u^\i jlll! ^lal-La ^9 ^IjL-aJ 



Spherical insulators J jM ( IV 

^oLujj cAijL^j j jli J^jLuJI (J^L*JI JL^JI ^a 

ClAj jLdl ^1 JJ ^gic. 

JjUl! ^Jjuo^J ^g. Ic- ^C-LujJ ^jjill (_}^jail! I^A 


: Composite insulators CiLUaJI J -3 

^aLg^dl ^a jJL L-LLjJafill lAA j (_£ j ^jj^L^. ^)_liall S^La ^xi 1 1 ^ ^xi A^laLLixJl 

jl CjI j a)\)\\ j\ x^oxa j ( Housing & Sheds ) ^ <— c-iLjaklb AjfLijt ^jx>ll 

A_ljJlx_xJI CjUildl ^g_ll A_ljJl*_xa CllLxixallxi A-Lajuol ^ i . i (J^jLsdl L-lh Jaj j ^aJJj <j jSlLluJI j JaLla^ll 

S-l—xJ] ^xi_jujj V 4_9jli 4_JJjU ^ j_l]| lAJfc jLLiJj CllV j ^ *W jl £_lal ^al_jaL^.I jl 

<j^)LL<i 4 _ aI^j ha£ ej i Jjl ^*31 & 3 a (Jjl*_ll ^ic. cij (Jj^al jiillj 

A_Lgj J A-r&j/l a 1 Jjlx. (jjj <j--a (— — ) c£^>^-VI 

# (Jjl*il fijjxxa JSjJoII ^jJajJj Ja^9 Long rod L>* J (JjIjjlSLj 




HTu CEfllcon* 

■ HJ^TLiva 


fFniiat ^nrl 
rtttirvg 



Silicone rubber 
sealing 


^jdx^a jjjjtJl JLtC. , lo^/ / 
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jf?Jt ^jj3 ( 4 - 2 ) 

jUiolj j ( ) J] jlaillj 

(D — 2 7C f C AjUiull i q* x>i X Jx^ol -s ; ft) 

J^llaU Ajjlill AjuuJI • (2 

^jai^.j J^iLall (jJJ 4-bl /bit 4jt-u*\ ^aII ;Xc 

J^ilall Ajjlill AjuojI^aII j a\S[ /bit AjuujI^aII ^j4J A u*ntt ; m 


( ) j 

I, = V r co.C 
I, = m.Vj co.C 

I 2 = Ii + 12 

I 2 = V 2 . (0 .C = Yl co.C + m .V, co.C 
V 2 . co.C = co.C.Vl (1 + m) 

V 2 =Vl (1 +m) 

V 3 = V, (1 +3m + m 2 ) 
V 4 = V! (1 +6m+ 5m 2 + m 3 ) 

V5 = V,(l + 1 Om + 1 5m 2 +7m 3 +m 4 ) 

V = V 1 + V 2 +V 3 + V 4 + V 5 

V = Vj (5 +20m + 21m 2 +8m 3 +m 4 ) 





j 1 


(l) 

-( 2 ) 

■(3) 

■(4) 


(5) 


Ss-lii (Ji &^)ALlall a^A ^I^oILuAjj AiC. (JjbJaVI LS^* cJb t*^Aj 4_iL 

^ UuoiuJl Jjbial A^C-X ^ / Ja^Jl ^ ^ ^ 5-LudLuJl ae-li£ *^jl l** IJ'N ^JjaiLuJl 


: ALAJt U US SjLJ j> (i _ 4 _ 2 ) 

; m 5 -^ljS . 1 

JX1 <■** 1 \ 4_J| h CliV^b-All 

aJbj l_i^j <j\i A ajo\ 1 a^A Jj J jil j ^ jLxjjjj CjV jt— *-lt C1 jI^.j ^ic. 

<^LSil ^*^21 (J j-Ia a2_j^l 4 1 * L c^ILja (j-^J ^ J ^ 

4 ^jjc, aA-A (j|— 3 

: J J' .2 

5_LoAjuj ^ l_il*_ll jll uj^ (Jjl j-*2 4-bbbll AjuuJI ^ ^ Lbs I ij 


^jdx^a jjjjtJl JjC* JLa^.1 / (Jjj. ) , f^.xi 
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ujjiiii qIaIsh j£L vi 


j Ldjj^ 4 _Xjuj ^^lijuJl ad-^^ j 4—X . juj (J^l JjljJl 
djld^^ a«A (JlLa ^-1^ a^JdJ^ dAjj)X x^O dll_A UuoiuJ! djld^j 

. J^nWUl L' \9 I^A jli I^J <Jjaull CjIxjuj tgJ 

: Guard ring 

3* ^iLoill ad^. ^llj Ja±a^j (Jiill -la^J (Jj^a jJ tgJ 4 * v^» ^ 4 ^A j 

JaaJl j UJb -Lajl j^il djldi^^l! Ajljuj A oW\i s2A j (J^LxJ! aAjuoLuj 

J>J! 3*^ 3^JI I^a j 


u 44 


.3 


A u/ill ~ djld^.j 5 4 j (J^)^ ^-LudLaij J ^ 66 K.v ^^3' cJ^j Ja^. ; (JHa 

<JudLud]| ad^.j (j£ ^)4C> ^ C_Lal^.l .25 AjUuJI (J^l-C' (j£ AjUuj 

V = 66 / a/3 = 38.1 1 K.v ^ : lM 

Vi = 3.33 K.v u^ ( 5 ) f^j ^1*^1' gi o^j*^' j 

( jl^ ? j(4)t(3)t(2)‘(l)^j cj^U-aII gi o^j*d?j 
V 2 = 4. 16 Kv ; V 3 = 6.04 Kv ; V 4 =9.42 Kv ; V5 = 15.2 Kv 
r\= 38.11 x 100 / (15.2 x 5) = 50.4 % JjM i*\& uj^j 

JjUll CIjI^j 3° fi^lilLujI ^j^aSl (Jjj^a^ll ^9 AjI djlila. JllLdl Idfe 3° 

4 jjj$£ 1I JJIjxll <4 jj^ 4 j5tlKj « (5 — 2) 

(J jUI c_ulajj jzlj 3 jlaJi LJtc. j <4 jLdl ^1 ^aII l . \y ^ ♦ 

^ajujJ (J^UI ^Jajuj 4 lx«o^a 4iL2a ^dlil — — C_jLljJall 

^ JLjj 4i±Iall fijA 4_ilx^a j* jLiill I^a <-<^9 -Ajxjj Ia j4c. leakage current 

<2j^a ^ 4 dry zones ^ uj^^j cJj^dl ^.Ljuj ^ 13 ^^ o*** } 

^tJajuo 5-9l_aJl ^I^J4 (J^juoj l . ^ t->^\l L_flj^)]aj ^)Lilll <^j 9 j Aj ^ 1 a 11 4 Q^t->\i 

^inlljj ^iaLLdl a2A ^1 c> partial arcs ^3^ 4 ^jn c ;, i,kj 2iSj cii9 jll ^ I^LgjILg 

AiL^. 3 ^^ UJ^ 44 J l£^>^ (^l 3 ^ (jj-N^n LS^ J^ 4 a JiU3 

critical leakage ^ j^3' : ^ 4 ^' J) M j^ 44 J^j ^ f 4 3 ^j c5 j^' 

complete J3' j d' uj^ Aili 5iL^ ^3^' chj^' ^'j current 

^i* 4 0 * j^' flashover 

.Cj j^\ 

.33^^ ^Jajuj cjjlili ^33^ 

J3U1I Jli - 
.33^d^ ^JajuJ L_l3a3^^ 3^3j 

A^t£^> (6-2) 

2)^ A^JLdl aLixJ! ^1^^) ^)jUaj A >jV , i A jWLuoll 3^ 3 ^ 4- d^ dj^llll .1 

^Jc. ^)44^ Cljli <±^ljj^al! a^)^Jjudll UJ^J. <; 3^ 3 ^ ^ 

a^A (Jxlij (JjlSj AC SR dj^L^a djV3^dl dj 3^^ 

.L-llx^all Ai3al (jStill C£A?^ a^j^Jjudll 

^)Aj^aJ (3^^ J^' J djLaia^dl ^)jUaj A >jV , i dl.Wj ;^C»1 u^ill dj^l^l .2 

.^11*11 j 4-jct djLiidl 


djlilk-dl djljjj 5^3^^ ^^3 ^ > 3 ^ c : ‘i,kj 3 j jlil! .3 

.dj' <c. jj 3J! Jjx^ol ^s^ll ^ li3a 

dj^l^ .4 

.dj^-^^ O -0 ^5 ^3 Cy* UJ^ ^jLudll ^^4]^ [Jallia^dl dj^^^ .5 


^jdx^a ^,.0^,4 jjjjtJl Jjc, JLa^.1 / (jjj. ) , f^.xi 
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dijliit Siw (JJ ) bflj Jjjla (7-2) 

(Equivalent salt deposit density ESDD ) ^XsbU jjjll jii*j 

jjii jA\ (Non-soluble deposit density NSDD ) uWj^ ^XsbUj 

; ^VUl ^aJJ fiAjuo (J jtxll ^-Ljuj ^glc. Cj jlill 

cdJij JjbJal 8 £y* 4j 4_liC- <J£joi ^ ja^Jl ^glc- jLil^-l CjV jlc. ^aJJ # J 

# C1j jlill 4 qV^-v ^ ^tjl j Ja^Jl 

^LlL^VI djljjxJI 4_d<c s^iil cIjLiixJI ^xj 2 

*UI qa a.v w ^ ^9 I^IjI jjj ^*3L<ull jl JjUll ^Jajujl ^Jc- dl j^\ 4_lo£ 4.11^1 *3 

^ 6 jl j^JI ^ j^j ^jjj Conductivity Jjl^l aAj^j* l >AJLj ( jfy jl^ll 

.Cj jUl dAjudl L^jl lc- 4_llx^^d! ^°20 .VlC- 4 lljuO^&ll L-jt_Jud^. ^JJ ^aJ (JjjUSJI 

j Equivalent Nacl / cm 2 J jl*l' ^ Aiijldl jIj^U ^AA ^ .4 

Pollution monitors <>*Tdl *i5^dl ^Ull o j^i 

.JjUll ^-LajuJ 4 _iL^a ^U s .5 

# ^gJjXjaull 'nH di^J C_J^)jaull J-JJ ^}jjIj9 () 


. Withstand voltage J j^dl <_U=eilt ^ (3 ) J^l' <> .7 


Cl! > 

o 5 


tj 

* 

□ 


70 


60 


50 


40 


30 



j.. Silicone 

hydrophobic 










Silicon 

e hydrophibi 



EP 

'DM ^ 

c 

Pori 

relain 

/ 

/ 

/ 



— — 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


Equivalent Salt Deposit Density 
(ESDD) in mg/cm 2 


( 3 ) 

( Tests on insulators ) ^VjUJI ^b 1 ^' (8-2) 

djlc- j^^x> ci2)u ^11 djV jLxSI ^gic. ^jj djIjljlkVI ^uVvi 

Type Test jljLlI ji jULk) .1 

Sample test ^iudl jbikl 2 

Routing test jL^2\ jUil .3 

Type Test jl>« J £ jdl ^ (1 - 8 - 2 ) 

j L_J ^)ia^)lxil Lilia Jjlxll L_LujL1a]| ^lAx^allll (jLnl ^^gic- dj|^)Lll^.l S^C- ^aJJ 

Withstand test jLlLt ( I 

^ A at jlloll ^g_9 <J jLxll tg-1 ^jia^)XJJ C_fl j^Iall ^g£L^J ^ jLilkVI 

VI 5JUJI aAA g-i ^5-xjjjj JjLxll ^-Ic- Aic- ( A 1/50 (i sec wave ) 

( l^Ijj J jUII jli c_iij lit ) J jlxll flashover puncture 

^ L ' lit lii jl C_L^. 4_mia9 (JSJ djl^xi 5 Sjl^)£j ^aJJ jljl^-VI I^Aj 




^ Ag 3 -Eu^ d4a/ / 1 . ?^,-d 


33c> 10 


Eng Ahmed sobih 


ujjiiii qIaIsh j£L vi 


Flash-over test jA*-! ( s - 1 

,*i j jLui.71 I^a ^ jaiij ( A 1/50 |x sec wave ) 4 n>m 4^->« A* 
m jUl^VI c-ICj! JjM 4 -^ Vij QnWqU jLlkVl (jl ^x/nj 4 x>i nil j^ 50 % 

Dry One-minute test $*±*1 lJLJI jUHLyi ( ^ 

JJjj Cjc,) ^11 £2j ^aJJ J dllL^al ^11 ISfL l <>' > j C <nhi jA j (J jlxll c_i£jj ^aJJj 

j3 jl c_jsj Al VI (Jjt*J| ^ * ; j j SAaI 

Dry flash- over test: ^jill £* lJUJI jULLVI ( j 

jl^)_£j ^J_Jj (JJJ j_9 1*0 -SJ CJ— ^ ^ g >11 £_9j ^aJ-J 1*1 J'N ^ f n'S jU (JL£1 jujI j_A 

# jLn£-VI ICA A ‘sjVi c <a Vij VI (JjlxJl jujjj Cl il^a JO jtfl^VttiA 

One-minute Rain test: <iic SaJ jhJ! jUULl ( a 

°45 5_Jjl^J j 1 0 Aic. ^ ^aJUJ.^ajI 100 jl-^ (Jjtxll ^J- ij 

6^.1 J £Aa1 4jLa 3J / ^ 3 (JCXAJ (JJjJl ^ic* 

Wet flash-over test: ^ (O 

jl J-£j ^al-Jj ^)jj j_ 9 l*P C5— ^ ^ £-ij <>*1 J«\ (j^LjuJl j\ jU (JL£1 jujI jJb 

# jLilkVI ICA A ‘sjTi c <a Vij VI (Jjlxll jujjj CIjI^g 10 jLii^-VlICA 

Visible discharge test gjifl jL&yi ( J 

3 6 C_a 1 (J^L*_ll <^3^pj ^p_L<JI a^_^JI Aic-j 4 _a1Izi^ jUlkVI aa^c* ^CLj AijLaill c 1 jI^)Lii^.VI 

• ( I^JJJ^I) Jj'jJI a^LCal (^1 ^ (Jjlstll AjuIIq ^JJj 

Sample test j4^' (2 - 8 - 2 ) 

jLi^VI <iakj ^Jl dllLxll jl-^-l CIjIjIjI^^I ^ 

Temperature cycle test Zjtj^Jt jLu±! ( / 

4_ij tj 30 cIjV 5cJ cJjl-*^l f yi^VI Ica 

<]U 

Mechanical loading test iKjJ I cU^dll jLIl! ( la 

(J J_L Vlj jLi^iVI <jakj ^gJl (J^aJ ' ff^ \)A JjL*Jl (J_1A^J ^CLj jl n-sVI li-A ^ 

cj 2000 

Electro-mechanical test ^ ^ il^ jjj£Jyi jULLyi ( ^ 

% 75 ^ C^JI JjLxll C-Jj^a. ^ ^j^£j cl^V JjUll L y£^i JSU 

Dry flash-over ^ c^JI ^ 

Overvoltage test: jjIjJI jLlkl ( j 

J L5^J^ O 1 ^ ( oil ) -^J ^ Jjl-^l UJ^ j4^^l ICA C5^ 

(J jLstil c qVi Cjj^. C^j^JI <^Uc JjUU e_ali Cjj^. (JjCj 

Porosity test: <±J^uJI jLu±l ( a 

tiLlij p.s.i 2000 I*** cCc. a* \ ;<o <c.Luj 24 J jl-*-SI *Qj £-Iaa A^kl ^cLj 

.JjUll <A^LaiXi 

Routing test jL^ll jbikl (3 - 8 - 2 ) 

i*Q L5-^“ >ti cl^jj ^aJ >JI Icjjj <^^£11 CliV jl-*-Sl n^VI ICA fn 

^aJ-J <jli 5_jl^_i]| <^-9j (3^1-^C 5 C^JiJl ^ic. <ia3l ^^11 C > 1-SJ cillj Clc. J ^1 Jj ^jCaJ QJ1 jS 

jLnll (JjS A* a fa ClJj ^1 y\\ 


Mechanical Routine Test 

(jl *> . 1 >jj JjLxll 5 _ 1 a^jj ^y \\ % 20 ^-ijaUJ (J^Lxll 


^£a jULuJi jLu^> y I 

I ^alLuJ 


L5 SaA£a^ jLi^cl a! Cjc^j VI j jlci£V! ^ (JjU-SI 


^JJj^£3 jjjjtJl J JC- ■ ld*\/ / 1 . d 


33c> 1 1 


Eng Ahmed sobih 


■Jjiill jlaLj jSJj vi 


The impulse test voltage recommended by I.E.C. (International Electrotechnical 
Commission) are given in the table blew 


System Voltage 

I.E.C. 

Impulse Withstand Voltage 

11 KV 

75 KV 

33 KV 

170 KV 

66 KV 

325 KV 

132 KV 

550 KV 

275 KV 

1050 KV 


dijUll 4 lLuua AjjISjII Jjjlall (9 — 2) 

jLum dllj dlV (_Cj^Luj al-laJiml jlstll _^al .Xaluu 

jjjla <-Jn, -ajj cjjlill diU. c-LailiJl J jUll JSd jbikl Leakage distance 

; ^1 Cj^Ij Cj jlill <^.1 

^ f Jjla: Vjl 

cjkb cj j— till ^S1 jIj ^ <uujj ^ j_ ill I^a jl j-£* ; Anti Fog L t ^ djV jtc. ^bVuJ _ j 

# bj^j jl( ^-b^llj $.1 j^lb ) Ijjb 4qj)Vn c_jxj ^ajj j jl*_l| 



Standard and fog -type insulators. 



m jH L^ll dj^jUll ^al^kiLujl - 2 

^)dLai>a ^)LaiA jjSliJ ^LajoiII &Lia 1I djl^)la3 ^*L<uudll 4 y^\^s CjV jl— *-S! fi-^A jllLd 

j_£i*j l^Uni ^^ic. Cl j jlill ^1 (^1 djVc*_^G jb jtlLaj U£ Cj j-till 4 Q;b c_j_jaiill jbli 

tilbA (jl ^JC> L_Lj£ jill 4 -I^jujj j j^ll ^ Q^Q'v l_£j| ^11 AiljJaVb jjLud^^ll j ^b^. jll (J jl j_*J 4 UU 

^jji^judll 4 juoj! j^ S^pb^al! 4 ^ i nQ j\l ^j^_9 ^—XjoiVI dj!^)jjb 1 g ^ 1_£J 4 b / (J^LuIaII j^a J^C- 

# Ia^)1jljujI ^liljlj ^g. 1 ja dill Ia^aC. ^a_9ljjj l^jbl ^}Ial i^jlj 

Sjbj jll aA-A j CIjV jl— sdl dil^j S^bjj (j J^)b j^ t^Uij ;djV jbatll (Jjuj^LoiI s_j)julill jbjoua ©jLj j — 3 

(jj^la jCr l—j) xj.nl! j)\ ula S^b j ^aJJ (Jl^^.1 ^9j ^^blj (J-j^a^dl j4J <U jbxll <91 _joia11j 4— 

\j s 2 Jlu, ^glc« jjuJ^djJ ^al^^JjuoL AiuiLudll j^juj 

djV jbtl! ^ jLx*i - 4 

RTV( Room Temperature Vulcanized ) Silicon Rubber coated 


^JJj^£3 jjjjtJl J_iC- JLa^.1 / (JJJ. 1 . <3 
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Suppression of leakage current on a coated 
insulator during slat fog test, the first generation^] 


j-Sl A >/nj <J_aill ^Jaj <^_9 £-juj!j JjLLj O'N* ^JaLijuj jjJI j A >^11 ^VjLdl (ji 

u^i j J jLdl Leakage Current M j\p ilM J jLdl cjU jLII 

Jj^j-L S.1C. (J--aCr (^J-2 Cj ijAa. ^_9 LA^)l^)£j c. 1 j <anj S^aLLII aAA (JJ-xJl ^Ljoj ^_lc* <9L^. A gL^ 

^jLg ^)JC. ^Ljuj ^_Lxj S^Ldl &1& ^jl C*n^ RTV S^LxJ (JjtxJl 4_iLxj Cj^IjII A >jVi (JjtxJl eLI Qlx 


c_j jjaull jIjj jjjS J£oij ciillS sjUII j! ^Sj ULd (jjoLI tdliSj Hydrophobic surface 
S^Ldl Chilli ^(.iklLuAj (J jlxJl ^-Ljuj ^ic. C_J^)jaull jljj (JJSj ^ L * Q J^ Lj Cj Lia. J£judllj 


;^jU( !iA J^uuj Cjjlllj JjISj JjLujj ^t.VVu*it ddxj JjjL *IjjIj 

U j^J * Uj^ - 1 

a JaxjJa (.** i Vi jl Lx xJo gLia ^»I2lVLjjI * 

0 ^ >11 CliVi AiUaill CliVi <il Jx«o — 2 

^juj 1300 Cy* ^£1 VgjULgj Lx K^k) fiLiA * 

JjUll &AW^ CliliLoiA ^Icr j 

^jj£ljjudll ^ddll 2^ ^ qjLj diV^Lsdl ^-Ljuj 4 jLx*i — 3 

L 5 ^'( Cap &Pin ) J c> ci4^' ^LSII ^JLII 

distill Lxjj La a qLd 


Cj jllll ^ jlLabd ta±L (jLLVI 

( K.v ) ^11 

■ ^J. 1 JUJ 

i ^ ^ 

(jix. 

9 

7 

6 

66 

11 

9 

8 

132 

19 

16 

14 

220 

44 

37 

32 

500 
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**3 Jjla ( 10 - 2 ) 

CtaJ UjiaJI 4JUuall ( 1 - 10 - 2 ) 

cii^li Ail h i\l sLi^a ^Ic^lLaL eg ^11 c^^.j CjV AiUaj e.l^a.V Jac. c_j jLujI ^a 

; <±iVI cJi^cilij C$ y^ 9 ^ j 


m ^A\ cl 


Line man 's evolution area -k?^' ckj cU^ ^Li* 

(Ja*_ 11 j LgLjS Cic- 4 jcL*_ 1 I Ja jjL'vti (J^^) aIxCuj ^cll ^xa^aJl ^A 

: yA' j Basic distance k^Vi AiU^I > 

{ Cg 'nII ScLj C 4 _iiJl c-l^kVI J ^CijujLujV! AiLauJI 
0 djLL^^ll^ (_jjuj^Luj a uLoaVI ^.stjaiAl! 


220 Kv 

132 Kv 

66 Kv 

C^JI Lu3 

110 

70 

30 

t cm 

70 

50 

20 

c cm 


Guard distance ( g ) ajU^JI 4iU^ 

fil-all jfill Ja (J^^) ^)J^)^j1 <JjujLujVI CjliLouJl 5-9 Lola 1I &CA L-flljJajj A \\ *^\\ ^JLoiaj e_fl^)*j 

^^juj 50 4 y nt 1 n V \ Cljl_9ljudAil ^l^li^V 

(JaxII AiLaui 

^jLujj ^Aj C.W a\ 1 Cg y\\ CjIc A qVik a\ 1 s-l^aJlj JajLkll (j^ ^5 L-jI^jjS^U AiLoiA (Jsl ^A 

# (Ja*JI AiLudA l^-ill liLjaA (Ja*_II AiLudA 
Q -j- g CljV^)l-*3l lUXuo (_)ax 1I ACljoiA - 
t + g 4_iaJI s.l^a.VI J cJa*_II 5iLai^ - 


220 Kv 

132 Kv 

66 Kv 

Cg >11 LojC 

160 

120 

80 

t + g cm 

120 

100 

70 

c + g cm 


Special Operation Mode S.Q.M lk>UJ I J^dl ^ILj 
(2-^x1! v S^jjCui ^jxi ^jClj Vj Jjx.rO jllI Sclc-j ^ 4_jli Jx^aS CllCa. I cl # 2 


;4jjVI Cc4 Jk II CjVn ^ajL Aili ^tj (jLaL Cg >11 


^1 c ^3 CcVjUil ( 2 - 10 - 2 ) 

jVjUI cl^ Jua ^' A\\a c. Cjilij £ Ij^v 


C_J^jaLiSl jLii # 1 

^JjjaixJI 8 i9 m A j )L^ cjl^VI c^.j <L^a ^ ixll Sclc. g^cII jL^I j & 

2mA 4-j^>^ill jLi u» c . ^>j V c^JI cii^ii 

cj^jaull jUj ^gJc. jiijii ^^lill ci^l j*J! 

-Uj jill j (Jj^a^ill ^J4J AilouJl • 

Lj ji]l j — ^.L 2 l ■->> — a.^uimII ^.LaII LqjLLq • 

(2-<«-SI djliLaiA _ 2 

5iLauJI iilii 6 cIj^j cjjjouII jIjj L<u5 (JSj 


^ Ag 3 jj^JxJl J JC- JLa^.1 / (Jjj. 1 . f^.x) 
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^ ^ ^ <4j jill ^)la3 

(M 

^-all^ ^_14 _ji]| (jAJ AiLoi^ (Jsl 
~ "(f)"' 

KV -laaJI 

6.34 = % inch 

27 

2.74 

66 Kv 

6.34 = % inch 

27 

3.96 

132 Kv 

6.34 = % inch 

27 

4.57 

220 Kv 


6 Lia 1 ! <LgjULg # 3 

^l^klLudVI (JjS L^jujIjS fJJj ^JUJ ^ajl 1300 (j* ^£1 dU-aJl jtLa (JjSj (jl L_L^J 

S^Jj^ll (J-al j*_ll ^aJ5 (Jj^liJlj S ^J^ll ^jc. 4_ijjill ^)Iaa fijtj J) 

dLiaII C Q jjUL-Q # 5 

4_}j jiSI ^)ia5 4 ^\U\i U* i>> ^Jc- ^A^JjoiaII e-Lall 4 _lo£ A^jju 

j^i . 6 

;4jjVI ^all (jc. ^-Ij^II <c.^juj Jjjj VI Cli^j diVjUl cJ^juoc. Aic. 

<j 4 *^i jjV tii / j» 10 
20 ° 4 jjl jilj Ajill ^IjjV ti I / j» 8 

45° °20 t> 4 jjI jJ' ^ jjV ti / (» 6 

°45 -^411 *— 1 / (» 4 
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Conductors 


_ 3 


lgx3jikl ALg 4jJ\ j A jflj'sti jill Sjjj-gJI ^>x^aUx]| ^aI j-G ^lAklLail ^)Aaxj ; A <A. V^ 

) j^lai^Jl jLnllj AiUall jib jl£j ^ 59 J J^ 1 884 4 -Luj ^ 4_9lL Jlj -Lxk Jji Uij| ASj^ 

^AkiLuA ( A.C ) j^ld! jlAiltj ^4all Jtt *Lgj)Vi* Jji <J-gc» 1886 <^j ( D.C 

tg_ii^j LbUll ( 3 phase A.C ) ^jVI Jji *l2bl ^5 1891 ^ ^ s^lJI cbljVjil 

ACC) f J^-dVl CIlgA^JjujI 1895 <^J J^i I^Aklla^l ^A (JJjLiAJl Clul£ 

J^ jj^ii j^ij ( ACSR ) ^^4 eb 1908 ^ Caj j9j 1£jjJ gi s JjV( 

^9 Jill! Aa j^^ ^9 ^GAklLaiAli Cb^L^a j-gI! (jC- ^ jjA JjlAb c Ajjuj <Cjj! jAI! aAA ^9j !Ia 1_LgjJ (^ 5-^ J ^ 

JL^gII IIa gi ^iIaIjlSI >q 1 g gbllj 

lg_c.| jjlj Cb!)L^a j-gIIj 

Copper conductors o-Uili ££Laj*l\ ( 1 - 3 ) 

(jjjjjudUili Cb!>L^a j-gj CbV j^gJIj CjV^UI jJ^li CljLGlAkljudVlj <illk-G ^^A j 

JAc.j Jj^aj-Gll ^JoLgII A^Loi-g JA^b glllj Jj^Viti Agjxj CbiL^aj-Gli &AA gj-^bll j-G 

# Jj^aj-Gl! <. aljj gill J^Ia^J! 

aAiaJl A k<^\\ c # iu*n UjujoJ ^Jlc. jLb JIj ^ic- 4jjb9 j SjIIa-g 4 Ijx^o jj Ajj^aLkj ^jjjL^AII jIILgjj 

^LgjULgj 4-iJljtll 5 Aj^g1I ^g ^ ^jdlJVi s q> xJo LjjjIj^ lAa. AJUl 6 Ajuj 6j5j AHjIAgj AJUl a jl ^ t/iil <^.jJj 

^ jaLgIVI (Aj Allil — (j jji! J^ Aj S-S J;ih JAgj J-gIjl^gj JSU1 I 

Aluminum conductors ^.j^idVI ( 2 - 3 ) 

jLill j-G jJC. jj ^1 ^ i jqjjjj 

Circular wires Cijjlall tSliUVI .1 

^ jj|j ^Jak<G Cliij a! A^i j^-a 1 ! JjIAsJI jj^jj 

Trapezoidal wires <-* cAli AiiL^Vl .2 

c_a j^_lg AjAo ^_LiLg Clil^ a! A ' JjliaJl 

CIRCULAR WIRES 

AAC : All Aluminum Conductors 
AAAC : All Aluminum Alloy Conductor 
ACSR : Aluminum Conductor Steel Reinfoced 

oi& __ jS jj < ijjoi >2] 2 A \ •■•* a i i j jL ^2 (jj^j L^LaA^ILail jji jjC. dl^Ua ^all o^A J ,c ~- l^jjl ' ^ jjj 


AAC 


"N 


,-.v L“A 

■ (■- ■■■ J 

l — J 

I /■ h 

A 

v„^ r 
/' "\ 
\— \ ; 


)V^ 


All Aluminum Conductor ( 1 - 2 - 3 ) 

v ( % 99 . 95 - 99.95 ~ ) Sjl— sill ^Jlc. ^ jj -^ 2 

j_ aXja. 4 )\ ys a ± \ jLlaj j Alu min u m — HI 9 ^ 5n > u j 

<LJLq jLJLq ^ ^ i s-t j\ /ja 0/^ 62.5 1 -UjjJ ^ *J Q a 

a2-aC.yi (j_u dLlkll CllliluiJI ^gk -i.'i. ,.j tiLLl 4 U, tl jJLa 4_jjl_!Laj 4 _jj_3j 

o^-J A»j( short spans ) 


)■: 


K '. 

y 


v r 


^JJj^£3 jjjjtJl J JC- JLa^.1 / ^JJJ. ) . f^.-l 
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AAAC : All Aluminum Alloy Conductor ( 2 - 2 - 3 ) 

6201 T 81 Aluminum u-^ u>^ 

bjlj^ a j kt,\ \x Alloy 

^ jjJI J_al jAj ( ^Udll jj ^ °/ 0 52 . 5 ) <jjAj V jj 

dLlil SjJLm J£L3ll ^—ajLLgj 4_J^)LLg a^juj S jSj <jllLaj jllLaj JjVI 

^oLull ^lUl ^ 4 ) J^ill jJj l^j jb jj <^11! ClAi_nll Vuxij 

dj^L^a (j-G ^ 




( 4 ) 

ACSR : Aluminum Conductor Steel Reinfoced ( 3 - 2 - 3 ) 

(jj \ a\\\ A AC 6 jbill ^Jtc. a^jUJI 

(J cJ^ 3 ( Steel ) s-j-b^all ^ 4 j A 1^11 <J_j|.iaJI 

AjJ^J 4 _i]t*_ll 4 \\\^ jlj jldLoJj ^Kll ajj« t> % 18 : %11 t> ^11 
jtlojj ajjILg 4 -iltc. 6 ^_joj s jSj a '\\V\a LgI jldi C 5 ^ c ' 

lc « jijl ji&Vl ^ jill jA dllil Sag ) ^jxfoAj 


c—iL^allj ^ i (Jj^a < 4 ^U 1 ! J 1 ^ dV I ^bLd ^ 5 ) l)^ ^jJa^j^ 


* 

6AU1SL 12 AI./7SI. Zi Ai. y 7 St. 54 Al. /? St. S4AU19SI. 




( 5 Jfijj— £i 


A^\ ) Uxi^j (JjjUJI (JAJ fi^)ULa ^jJa^J^ 


^JJj^£3 jjjjtJl JjC- ■ Iaa/ / ^pj, ) . f^.X) 
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Alloy 

Aluminum 

Copper 

Sa^jII 


2.7 

2.7 

8.9 

Kg /dm^ 

AilSSJl 

310 

80 : 1 80 

240:450 

N / mm^ 

AjAII 'b jfi 

3 

2 : 35 

1 : 35 

% 

yikL-yi 

70 

70 

120 

KN/mm 


658 

658 

1083 

C° 


.0036 

.004 

.0039 

1 /C° 

+20 C° 4 Axuli 

53 

62 : 63 

97 :100 

% 

20 C° Aic. A-iLj^a j!i]l 

.0328 

.02857 

.01786 

Mm^ / m 

020 C° Aic. jxJaLoll AajUaII 


W AL = .3 W cu 
8 al = .625 8 rn 


I al = .8I 


CU 


0±Loij (JjA^JI !aa (j-G 

(J ^lall (jjoiijj ^ 4_^.LaiA^ ^ jjIa ^ 11 j (Jj^a 2)44 AiC> * \ 

uj+ 

4\\u^+ jll| 

jUtfl 

(J^Iall 4jljx.rO jllI (jjo^j \ Ag \ 1 Ag nj 4A^)tLdl A4C. * 2 

UJ+ 

^jJa^)*_II ^Wq^\1 4_^.Loia 
(J j^a ^aII ^)Ia3 
+J j^xxiaII ^jjL^AII ^dtaJl jlix^ll m ’*La jJlL4 

IACS : International Annealed Copper Standard 

<jjjlaill AjjoiJ Al^dl < ^ 2)44 4J^)ULa]| ^ ya^kl 4 4 \\ \ i 4 ^ <A J& 

0/ 0 t 00 < 2 Lu^a^j 4J + 4 0 

% 63: 62 +><-> i» ^ i+dt O 


W AL = 049 W cu 


'-AL 


1.61 A, 


D A l 1-3 D 


cu 

CU 


GTACSR : Gap Type conductor 


(4-2-3) 



Conductor's cross-section type GTACSR 


j J A: J (_ 5 jt j_aJI (J , 4 i\r. ^ 'U; (J . |,Ufcj 

JBL+, <.d ..41 &LJi 2)-^ 2)J L-lIaII (J4-J 6 J + ** J ^ 

(J A VtJ (Jj^a J-dl (J X >J L^<i ^ajLLJl ^ j-UA jlVI 4 X xr 


2)^1 A 3 j (Jj^a ^ aU <Ja Vlll &AO 

(JIAiLojI J^J^la 2)^ -lajla'sH ^lc> *L1 j)Via11 £^)Aa1I SaIj^ 

II AAAC jl ACSR 


GTACSR 

j ACSR 2)4 — 3 4_j^)lLa ^—jJajj ^JLaiII Aill j 

Cix^ ^a^dl (J a^J SjA 5 3 a ^)u 2 j GTACSR 

ACSR c> O'j^GTACSR 


^ Ag 3 jj^JxJl J JC- JLa^.1 / (Jjj. 1 . ig* a 
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dblu^l ( 3 - 3 ) 
4 _«jUL« ‘Lajfl l-iLuA ( 1 — 3 — 3 ) 

R = p L / A Q 

Where p: Resistivity of conductor Q.m 

L: Length of conductor m 

A: Actual conductor area m 2 

And p = 2.826 xlO" 8 Q.m for Aluminum 

p = 3.2 xlO’ 8 Q.m for Alloy 

Ul sold conductor ^ ujfe <j^ ' 2 ! uj^ <L* j 

■ V dl!Lal*-a ~l •'■vV ,il ^ jL cliji] (Jj lii. ^ r * a j_j£jj jli dl^L<a^a]l LLi. ^3 

L — 1 Km -1^-j yLo jjji LLuaiI LajULall “Caj3 ^ ^..L r LajlLall i_ 

R = ( px 1 / A ) . Q/Km ^ 

R = 4p / (n ;i d 2 ) Q/Km 

Where n : number of strands in conductor 
d : diameter of each conductor 

t— lL jLaJ 20 C° LajtLall LajS Ai^su aJj LajULall jj ajlj jj 4_jlj j-aj 

Lajliall 


R t c - R 2o (1 + “20 (Te-20)) Q 

A hx a .lit La jliali R^ 

20 C° ^ Lajllall R 2q 
^20 = 0.00404 for aluminum 

&20 = 0.00347 for aluminum alloy 

^ ' (Jia AC SR •— (l -V^J L^uiall a^Alial! tajjj 


^JJj^£ 3 jjjjtJl JjC- ■ ld *\/ / (JJ1* 1 . f^.,0 
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La 3 j dj^L^a ^ djLajtLoll j ^IjeAM AdNI (JjIa^JI ^jJa jiij 

(DIN) V^jL^Vl ^UllU^I j-all 


Conductor 
size mm 2 

Alloy area 
mm 2 

Number of 
wires 

Diameter of 
wires mm 

Overall 

diameter 

mm 

Linear 

Wight 

Kg/Km 

Rated 

strength 

daN 

R dc at 20 C° 

Q/KM 

240 

242.54 

61 

2.25 

20.3 

670 

6774 

0.1383 

400 

400.14 

61 

2.89 

26.0 

1104 

11176 

0.08380 

500 

499.83 

61 

3.25 

29.1 

1379 

1390 

0.06709 


A.A.A.C C. y* dj^C-a^oil aluA^]! djLaj^al^Al! ^ 


Conductor 
size mm 2 

Alloy area 
mm 2 

Number of 
wires 

Diameter of 
wires mm 

Overall 

diameter 

mm 

Linear 

Wight 

Kg/Km 

Rated 

strength 

daN 

R dc at 20 C° 
Q/KM 

240 

242.54 

61 

2.25 

20.2 

670 

4010 

0.1191 

400 

400.14 

61 

2.89 

26.0 

1105 

6190 

0.07221 

500 

499.83 

61 

3.25 

29.1 

1381 

7600 

0.05781 


AAC c> J ^ j ^ a ^>*11 AjLuAjSII 


tjJt | 


Conducto 

r 

Area actual 

Strand &diameter 

overall 

weight 

Kg/Km 

Breaking 
load daN 

Rdc ^ 
20C° Q/ 
Km 

2 

size mm z 

St mm 2 

A1 mm 2 

A1 

St 

diameter 

A 1 

St 



120/20 

121.6 

19.8 

26/2.44 

7/1.9 

15.5 

336 

158 

4565 

0.2374 

240/40 

243 

39.5 

26/3.45 

7/2.68 

21.9 

671 

316 

8640 

0.1188 

380/50 

382.0 

49.5 

54/3.0 

7/3.0 

27.0 

1056 

397 

12310 

0.07573 


ACSR Cy* dj^L^a^All AjjujLiill dA qx^l^all ^ 

I^LiajolxJ Ha9j 4-iJ^)*_ll ^jl^lill ^9 A^I^JjoiaII dj^L^a^xJ! I (JjA^Jl ^jJajJj 

All Aluminum Alloy Conductor (A.A.A.C ) 


Name Nominal Nominal No of Resistance Overall Weight Strength 
area cross sec strands at 20 C ° diameter 

area & 

diameter 



( mm 2 ) 

( mm 2 ) 

A1 

No x <p 
(mm) 

ft/Km 

( mm ) 

Kg/ 

Km 

KN 

Poplar 

* 

AAAC 

200 

239.4 

37x2.87 

0.1330 

20.1 

659.4 

70.61 

Zebra 


525 

61x3.31 

0.0651 


1448.4 

146 

Flint * 

740Kcml 

375.4 

37x3.594 

0.0892 

25.16 

1035 

108.6 


^ Ag 3 JjC- JLa^.1 / (Jjj. 1 . a 
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Aluminum Conductor Steel Reinforced (A.C.S.R ) 


Name Nominal Nominal No of strands & Resistance Overall Weight Strength 

area cross sec. diameter at 20 C ° diameter 

area 

UNITS 

( mm 2 ) 

( mm 2 ) 

A1 

No x tp 
(mm) 

St 

No x (p 
(mm) 

Q/Km 

( mm ) 

Kg /Km 

KN 

Raccoon * 

80 

92.0 

6 x 4.09 

1 x 

4.09 

0 .36365 

12.7 

338.8 

28.8 

Wolf* 

150 

194.9 

X ON 

o ^ 

m <n 

7 x 

2.59 

0.1829 

18.1 

725.3 

68.91 

Lynx * 

175 

226.2 

X ON 

o ^ 

7 x 2.79 

0.1576 

19.5 

841.6 

79.97 

Zebra * 

400 

484.5 

X 00 

ig rn 

7 x 3.18 

0.0676 

28.6 

1620.8 

131.92 


X L AjIsJI as jbudl 4 ^ufl ( 2 - 3 - 3 ) 

GMD & GMR Inductance ^ il m-* a j>L aJi^ ti ^cojs 1 _ A » ' 

GMR: Geometric Mean Radius 

It is defined the N 2 root of the product of the N 2 distance between 
the N sub- conductors (strands) of the conductor if the strands are identical (not 
applicable to ACSR) 

GMR = D ^^re ~ 1/4 = .7788 r for cylind rical strands (also sold conductor) 

GMR = N2 V X (k=l to N) X ( m=l to N ) D mm For strands conductor 

dliL^a^dl ^y> cf')! GiVIR 


Number of layer 

Number of 
strands 

G 

MR 

i 

6 

0.5 r 

2 

26 

0.812 r 

2 

30 

0.826 r 

2 

32 

0.833 r 

3 

36 

0.778 r 

3 

54 

0.810 r 


Number of strands 

GM 

R 

7 

0.726 r 

19 

0.758 r 

37 

0.768 r 

61 

0.772 r 

91 

0.774 r 

Sold 

0.779 r 


GMR for ACSR conductor GMR for 

aluminum & aluminum alloy 
r: conductor radius 

GMD : Geometric Mean Distance 

(jjj AiludxiU ^ »i.Vig li ; (GMD) 

(_yax 41 IgjJasuj ClliC^a j-dl (jjj (jj^J high Voltage JaijJall 3JLa. ^ j 

GMD = 3 Vd 1 D 2 D 3 m 

Inductance ^ GMR & GMD 

L = 2 x IQ' 4 In (GMD /GMR) H/Km 


^ Ag 3 J_tC- JLa^.1 / (Jjj. 1 . ig* a 
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(jlaiaj All I jSAj V) 


Also X T = 2 7i f L 


Q/Km 


X c aSjUaII <LajS i_jLua ( 2 — 3 — 3 ) 

C = 0.0556 / [ In (GMD / r ) ] p F / Km 

also X c =i/(27tfC) Q / Km 

66 Kv Xqj X l j 50 C° -^R <^ja d^« 

2.65 in cii5L^4i qu SiluiJI j AAAC 
<* 20 = 0.00347 -5^20 = 0.08380 u' i> : J=4' 

Rtc = R 20 (1 + «20 ( Tc “ 20 )) 

R50 = 0.0838 ( 1 + 0.00347 (50 -20 )) = 0.09252 Q / Km 

GMD & GMR r jh X c j X L 

r = 13 mm uj^ D = 26 mm u* l>j 

GMR = 0.772 r = 0.772 x 13 = 10.036 mm 61 ^ J 

GMD = 3 VD!D 2 D 3 m 
Dj = D 2 = 2.65 m & D? = 2.65 x 2 = 5.3 m 

So GMD = 3 V 2.65 x 2.65 x 5.3 = 3.39 m 

L =2 x 1 O ’ 4 In (GMD /GMR) =2 x 10 ‘ 4 In (3.39 / (10.036 x 10-3 )) =1.161 mH/ 
Km 

X L = 2 7 t f L =2 7 i x 50 x 1.161 x 10 - 3 = 0.365 Q/Km 
C = 0.0556 / [ In (GMD / r ) ]=0.0556/[ln(3.39/13xl0 3 )] = 9.993 = n F/Km 

also X c = i / ( 2 7 i f C ) =318.52 KQ/K m 

CjLLu^J) ( 4 — 3 ) 

( (Jj^a J — (Jjl LS^ ^ ^ ^ ^ ^ ^ l 1 ^ (JLoC-Ij AiC- 

JJjJ 4 ofc'v A\ 

;<JjuAjujI cjjj 

a : cross section area (mm 2 ) .1 

w : conductor weight / unit Kg / m ? / ^ u jj .2 

jidL <jjj AiLouJI (_jA j 1 ; length of span m Jji» .3 

maximum allowable tension T 0 JaiJU <u ^ xl .4 

equivalent sag 

jl£ I ^ ^Jc, LgjjuoLg ^ jA 

= V (l , 3 + 1 2 3 )/ 4 , . uA i eq Ji i 2 

j jg cJJ (jl jjl cU^U! (jl jjl c_jLai^. # 5 

Ai JX.J j J£J ^5.5* 7.5* 1 1 .5 cjitiil* ^A 66 ^>0^3 220 ^>0^3 500 

l^jj£jj C_JL^.I J I , j\\ ddlC. A 

^LliaVI ^^C-X ^. 1^11 — UuoiuJ! 

(Jjia JajujjlLi ^jLojJ jA j (j jj # 6 

W = w (l x + 1 2 ) / 2 Kg 

T =( wxl 2 )/( 8 x max sag ) Ai 5 Ull ^ aAj^i T .7 


^ Ag 3 J _tc- JLa^.1 / (jjj. 1 . f^.xi 
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Accessories 


cj) jijfruLuisyi ~ 4 



cIiIjIjjaVI -i^Lk 


arc horn Sjl j*ilt jja 



£o/#i/ 



Ajoj ALuLuo Ci** A C-l^Qjua — A j A 


c_u!)l£ 


^ Ag 3 JjC- ■ la*\/ / ^pj, 2 . ig* a 
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Jl£122!j ^lgLoiaII j c** i\ Kz jVn^ Az 





AjjjjJailj Sj^aSM p^j - 5 


<L^)IaJ 4 _ajI (J ijl Ja jla's <La.^Vu^\t S^j^-VI (jlaau ^ic. L^^)xlj jjuj S^aill &1& 

ciijjljVI ^Ac> 4 * u^ia\ 1 djl£^)judll ^51 ^ ^^.^)ll (J^aj S^-^VI 6-^a (J cIjLg ^1*_a1! 

Hi-Test Insulator Tester ( 1 - 5 ) 


^ Ag 3 jj^JxJl JjC- JLa^.1 / (Jjj. 1 . f^.-i 
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Lg^/Luj ^Ic- JaLa^U jU^Jl ^a^Cr ^llll dlV J-*Jl ^nuui j 

Jaj-la^Jl ^_9 A^Ia^ILojI j ^Jj Aju^juj A ^9 SEL£ ^jl g y\\ Ja jJa^Jl <jl J ^ 

l^_li£^)J (Jj 9 ClN ^a^al (j£^aJ L<^ £.lij| CljLla^AlIj 


VOLTAGE INDICATOR 


■^?J' Cm* ( 2 — 5 ) 



^^Sc. ^ 7 - ^ J^-J (jLl^ ^.^"nnj 4_jl 



Audible 

beeper 


Red LED 


. Ja jLVl (fc5 i ^JjLl X W 1^. 3^atg_ll (j* jji ^ 

Q ^yA jlc jj A_Lg j V dj^E-a^a]! 

j4^ j*j ^ ^ 750 69 t> j^'j ‘-i ^ 69 

^ic. AjuJaj (Jd9 j)\ g ‘nII jblkl ^aJJj 3 j^)1 LjIIj 
^ jLnll 4_1 a 1 ae-Ljal Cy*J j} 1 J^J^la ^jxlx^a ^<21 

^jj dlL ^aJ 3 x.Lajuj Clj ijj-a ^Lgjujj ^.l^jJa^Jl 

4-1*111 jli .1^. J J.S. J ^ij (Jj^a ^<21 ^ic. jlgjaJl Jjjaj 

■ ^ >11 J J^J (JJc dl i jj^a ^AjudJ j ^jJalLoa 



HI-TEST ROPE TESTER ( 3 - 5 ) 


jljlkV dlEj Cll^J a *'l ^Uaj ^^klLujJ 

dlLj LG^klLai^ll JLi^JI 

3JL^. ^9 (J_£Lula 1 ud V (^ 5 -^- (Jl jl^JI (jl 

J—ixjujj Aic>j 3 djiL^a^-^ J— kldi Cl JjJ 

(J^*J jblkl (J-aC. Clc. j £.l^)da^ (jLiJ Aj_a1 ^jJa 1 Alii J g_^Jl 


dAj ^Lol jl 3 _j^I a^) J 3JIU. (^J 

fi^)j^)jJa ^ \x\ L<ixi (jLlJ ^-ixJ ^jCal 3cli 4 jHc. 6^)j x^oj 

C_ul jjuJI Aiilajjj 


^JJj^£3 jjjjtJl J_iC- JLa^.1 / (JJJ. ) . f^.-l 
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HF-Earth Resistance Measuring Instrument ( 4 - 5 ) 

HF-Earth Resistance Measauring Instrument HW2S 


1 Button for checking of instrument 

2 Information display 

3 Button for checking the batterie 

4 Illumination of display (2) 

5 Measured-value display 

6 Button for automatic measurement 

7 Fuse of measuring circuit 

8 230 V socket 

9 Fuse for charging circuit 

1 0 Pilot lamp “charge” 

1 1 Operation switch 

12 Pilot lamp for operation 

1 3 Socket for auxiliary earth rod (H) 

1 4 Socket for probe (S) 

1 5 Socket for tower leg (E) 


C€ 



10 

11 

12 

13 

14 

15 



HF cable 


auxiliary earth rod H 


tower connection 

measuring 

arrangement 


about 40m 


about 75m 


J4]' (H jAl (jAA 1 HF-Earth Resistance Measuring Instrument <»- 

£ fjj V JA. HF : High Frequency £ jj i> 

1 4 aU-s ^ 

<j_C, Clljl J 131 j ( JO (J-* Jajjjudll Lfiij <1 jjLall J 

^\\ , ^ jjj yQ 25 ) A-iSljJal 

4_SJ^)IaJ ^ Ic. (jl_J (J-jlS Ail iJal ^aJ_J ^ ^g_joia]| (j— ^ ^ Ic. I L_ l**Q yj 131 j 4 _*jULJI ^jjjI—JSj 

a ! jV^ll ^9 <Loj 9 Jala^il L*113j(Aj^)]a9 


^ Ag 3 Jjc- ■ ld*\/ / 
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MEGGER *lu,ba (55 ) 



^aJ I ilj ^Llaill (j_^a (J 

(jAiib-a (jj C1 l9j^g (j^aJ jl_J J^aC. C # 1 >J 1 (jj£j 

j\ ^11 IjI^g O^J 


^puudll 5 j13 4j jUaAJ jl ^IaII ^Ic. (Ja*J — 1 


<CajtL2l djl^.1^3 ^_9 A \W C- — 2 
ciAjjS ijjIU 0 jlnll (jj^kiil j — 3 


HOT STICKS ^j>^l u 4 ^' ( 6 - 5 ) 



4 U^>\1 <^113 j <2UI J ^JLiaH QA £Jj^aJ ^jljj^aCr ^A j 

1 g \u^o jJ ^Jarsj Vjl Ig \u«o jJ ^aJJ C ,% n^ ^ Clj^L^a ^gAc. ^ ^gjJajVI L-l^^pl (Jj^aalL 


^JJj^a ^ Ag 3 jj^JxJl Jjc- JLa^.1 / (jjj. 1 . f^.. d 
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Ja 5iLij^a (jbaVl jlil c*113j Cll!/L^a ^21 Aj^JjllLudVI djlliuaill 1 t*U3j ( Cll!/L^a jaILj 

# 3a*- 11 ! gb^^h^a <ja &3a ^)blikl 




Aajj^l ^ ^xa .ifraJl $Jbj SjfrUa - 6 


IaLajA! (ji 0^1^11 45Llall (jL<uJa .liljlill CllLla^A AjLa^J <j! 

[chilli 4 m n^\l l_jLijujVI ^ S^L}^ (L>* C1jI^*_a]| j 45Llall (Jb 3a jb«v 4 _}La^J L^aLk 

Lightning over-voltage <ijJ' -^* sjU j - 

Switching over-voltage J^»j^'j lL^I' -^' sij j - 

<_1^L Uijj <jLa^.bU (J.; ■ ^ajjllj (Jj^aflil <■ - njmJ oLjj Lajjj 4_ix_nJa ojAlia i _ ^ " oLjj j 

faults LLiJI JUac.1 ^ in.ii ji circuit breaker t .i.iun LijLiall 

1 ^Ic. L j; Q L ji L - — ^ Ja j)^ui^ 

(Jjljxil <j*uijj lJf« ji SjSfl (i_6) 

S^^lj (Jjl j*3l s qjlKl UJ^ <■. 1>J difl jll ^ ij (JI£aV 1 J^L (Jjl j*3l jb^il (JJili <■. 1>J 

^jll ClAJa^All (jli 4 _aLc* 4-ij^aJj 3 a^u^II 4-1 aAV Lilia (J^*Jl ^ 1*1^ ^^■ c ' 

^xj Ljj! 3 (J^xll (jl ^ilaiuiJ V tgJ 4^<u9 ^J*iUa CjV j^a 

^^k! S^>a (J^)xil LS^ 0 LgJ (Jjlj^ (^jiki C5"^ kal L>^ c . ^>J 

(jiaJ Clll^ 5J£joui 1^1 L—LujjI (Jjl jxl\ fi^AflasllOVCr >1 ClijJa^U lij (Jjlxll AJjudLuj (JIa 

j ^_^JI La! 4l±±>Ja ^9 ^j^)^kl! ^jjj jil! ^ji L^lLla ^j^)^kl! ^jjj jil! ^l^iklLuj^Ll L^JL^a (J^jL*J! 

^Lij) ^ illin l^jli lightning &switching j^' j j' l3j^' surge voltage 

j eJLLj ^ j lightning arresters (3 ^^ ^juLa u^b tdJi j <^.j^1a ajL^ ciiljjiaiA 

3^! Jaj))^^ £A ^j! Jjlb (Jj^a^J 6^)^^! CjV j)^ a!!^ cJiAl! -lajlo^ ^1\ (J^j^a^l! ^ja 3^)^ 


Lightning phenomena SjAlIa ( 2 - 6 ) 

j! SjjL^a 5-jL^uuj ^a djUajuall JjLa (jc- 6^)bc. 

^ bi o\l j! jjjjUuuJ! 5iLaiAl! AjL^juj ^a 

,ja 1! cii\ to Km 

4jbla La^_1ijj aA xj.il! (JLuj! <JLuJI djU^llIj 5 -jL^juJI 
(Jj^aJ ^9j ^ ^1 100 C5"^ 1 O -0 AjuoII 3k-^ 4 W ^illj gEJ! 

10 Kv / cUa, 3 ^Jl c cJ ijaio 8 ji 10 7 J! 

800 cm A^Jxji UJ^ ^J^joUajuj Ajjlall bflaj QH 1 
c!j1 w AjL^uaill 3k-!^ ^-b! el A w ^\1 ^erVn /sec 

u^j 30 Kv / cm <. t ilWn ^1 jill ^ ^ w ^W ^jiii ^jUc. (Aii ^£J j ^.1 j^JI ^ 5_JLuJ! 

<Ja±k Jkb ^ JjVl cj^jj 10 Kv / cm 

5Jaik ej^ki ^ jVI cjUauill A jabis stepped loader stroke <±A1* 

j! c_ilUJI jSl jjil! leA Sic. 2 -ijiill tjfiAu eSj ft^Ljal ji&lj ^ ^>jujI JjSj AjUuaill return stroke j * 

£yi C5^j L5^ L>^ 3^)^^ AaIa^II 6 J^ill ^jjSjj 3^)^^ ^ cJ^eii 4 j1a» 11 a^A j^£lii 



^ Ag 3 jjjjtJl J. 1 C. Ioa/ / (Jji< ) a 
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l- 1 .»1t ( a_jjl 3 _Lf 1 } i. 


jU 5 j^aiL^k ( 3 - 6 ) 

Ajx 9 Cil C 1 jL^,^a 1 ] ^l_n^ Aa. y& (_]£judll ^jJa^J 

jlnll jl (_]£judll ^jJa^Jj 4 (Jail I -la ^lc> A9C>L^ai] 

U^JjCj (JL ^aJ ( A_ijlj jjfLi-a 10 ) J t U^ cl^j ^ clcjj 

^lil! Aa. ^-^11 ^-ajujj^ l .v*- 1 ^ l) y^ 2^0 C5^ cJ^^j 

front ) a^. ^ ^ jxAqll ail$j 9 ^J] jtiill ^ijjj 

^1 Li^jj-ii jLiill tg-i 9 \\ ^lill a ^. ^<21 Lai ( wave 
JjLI IjSj ikljj ( tail wave ) a^ j* 

.( c^l^p* 3 "^-^) ajj^^II cIjIcxaI! ^jIj^jI yc* a! jIjoiaII ^Aj 


JjS'lj-^l (jA J HI) L jlai AjLa^ ( 4 — 6 ) 

;AjjVI (3C-I jj^all y& (Jaill -!a J L»A AiLoa. ^aJJ 

^ 1 1^1 Lj.) * 1 ^ A *n A \ A \\ ^ «v \ 1 t 

A_ijJa^)VI ^jljjJaall ^al.lkjjuAj Ajl a*\W # 2 
yc*\ y*^\ CliLuLa ^l^kjjujlj AjLaaJl # 3 

^uajV) (illuj ^idklLudL AjI 4%\t ( 1 — 4 — 6 ) 

ci-^S 3^ ^>*11 ICA J Au^gi^lt ^I^VI LS - ^ ^ ,>* C-llx^al! yA ^U^ij (Jj^a yA y& 

(j«ojAL AjCC-^} 11 (jc.1 ^j^all £-}^)9j J b_La-juJl (j-* &cl jLoll dAiaoudll L&U 3aA AjL<ia. ^Ac> 

• mLs ll La£ ^J^ill (Jaill Jak. AjLaa. ^9 ^jJa^)VI b*lLuj ^)jC 

£*I^>jVI CCC* ^ic* AflC.1 Xfoti Cl l\ W jqilt A \ ^ \ I v\Q\ _ 

AL^a^xJl A^ajULal! Als ^Jllllljj ^^Ijllll 4 U^o j^q U^ C5^ c]^ 3 ^ILaJl ICA Jjx^o jli - 

'(yajl^\ ^9 ^C.|jj^all Ac-^juj (Jaxj ^JllllUj 

*) ■ \ ^ ‘ ^]| — 

Aj^ajVI ^lAaouib AjL^I ( 2 - 4 - 6 ) 

Cxjxjj ^^>^1 ^ L^oj^qj ^jia^)Vl Aj ^9 Aa (JjjL^CII j\ CjC^JI yA y\ uJo9 ^A 

41 ^la 15 lA^)la9 A^jJa^VI A^ijliAll 4 j>j\t->^\i A^Jfil! (j^cll yA£^j ^jl u>>oti 

.o^j^' f 3.5 j 2.5 u^ 3 

CjUjIa (3-4-6) 

C ^J^)9lll JakJl Ajl^jj AjICj Cic . j CjV a]) CllUa^i ^CAILujJ ^^A 

CLjLxjLgj i AiJ^ill ^i 3 ! (Jjx^ijllllj (Jj^aall CIjLiIaC. s-UjI Ajjl9c1I y\\ j AjCCt^}!! yc*\ aCjl^ll 

^j^)9j ^lc> LCajI l^-Sj AlJ^ill djUa^allj jl (JjtC' <j-a <JS I ^j^Jajuj jLi^l > l^-S (3^*^ 

C1) ' j\p j ( 2:5 jii.sec ) aLj^ An^ j cjIjj9 cjIc Ai*ic c 20 KA 10 K.Ac> ^ j> eiil jIjj 
j£\ alujIjujVI 6 j^al'j (1 : 5 jLi.sec ) s Aii^j c - 3 ' 100:250 KA ) c> c^' 

aI^Vc. Ajlak. A^jILg CIjIc ^j^aUc. 2)^ Axjj^a-G ^al^)9l ^A 3 ^' CIjIjuLg 1 g \\ C. 

cl ^Jl ^)j^alj*Jl fiCA (J JakJl A9C-L^a C C4C- ^AU AjcIjlSI C ^j^JI ^j9 C4C- LgLoj 

Adlx^aVI I jj)a ^Sl ^^■3 3 C5^) Aj^julll ^ySil ^aJJ LgLaJ Alx^a yA 


Protective Earthing q^jjUII - 7 

yaj^\ 4-Uyo£> o ^jla y\ yll ^CuLia jL^ajl AjIj ^jIS ^ 11 ^jCaJ^)tlSl L_ii^)xJ 

AiJ^ill CljL<iCj^all yA cl^VI AjLa^. - 1 AL a ^a^)xll 

C_allll yA CjLuILaII j C1j!c*_a]! AjL^. — 2 
AjI£j 1I Sj^.1 J jx y la jVt ^1 j\p JJJ^ 3 ^^2' — 3 
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jll ^aJjUll djU j£^a 

(jlaJjlllI Cljbjjjill £jJa Jj Ajjlill ^^A j (jiaj^l - 1 

jiatj A yo* a jl Ijss! ajjsaa c^3!)IjujI jl ^ j^fL ^) dj iIjj - 2 

(j^aJjlllI dj^/L^a JA - 3 

;-4jjliU Ajc. jill <L$jlLJ! <Loj 9 ^yill (J-J j*_1 

^aJ^)lllll 1 ^-aIa^JjujI j£^aj <^ 5 ^ (J^IjlaJI (JjJafil (JjjI “\\W ^ Jj ji£WI ^LajliLa - \ 

^ ^Udlb i C-lL^all jd ^ jju^wvti jA jljjJaS j* ^ L_Ludj| jli 4_Ld l^)lajj 

2 )^25 jLj j*Jl dj^/L^a^a j-a ^ u«oj ^ (Jj^a - 2 

(j^aJjllill jl£-a ^9 jill ^ J " 3 

Touch Potential o^' ^ 

Igj Ua^. ^jld *CJa^) 4 >jV^ jLudVI ^9 ^IjIaII ^_^JI ^A 

;^A j jtdll liA *Loj 9 ^Ull jj£^ll 4_il£Jl diLajlLJl l ^nt Vd ^joi^Jl jLall jldll <Loj 9 jj£ij 

>L5 J^-a 1! ^JOI^JI J jduJjV 1 ^ J> J.) ^ jjj ^JjIaII! 4_^jULq - I 

4_xjjj3j jdujj V 1 ^ x *1 ^ 4_>ajUL<a - c_J 

AJuoaJl j>o ^»^9 (_)£ jdJ <LajUL<Jl - 

.(jrfQ'N dll L_flj9j £jJa^-a ^Ja^j j-a <LajtLa - J 

# 4_AjLg_£/Ul <Jaaj dll L_flj9j £jJa^-a j-a 4-xijliLa - A 

|^jVi (^a£> l * ^ J L Ua^, dj^*l^ s-ljjl ^jjlaII! ^ ^ ^)la^J! 

(jjjLdl! \ l~x\\ AjjouIIj ^^)juj dj|j (Jj^afij 5_iL<^. ^sl^VuJ ^J^)la ^jC- ^Ax^all - I 

.u ^ jVb 

^LilaLla^ djljlia (JLaxSjujI ^J^)la ^jC> (J^j ^jAJ ^jjiaIII ^LgjILg - C_J 

# <jJa^)^All djl^ll (J^ljdll jl C_ljL^J lJ 3j5 ^11 ^.UjI 5J^lCr 

5-J^la^)llj AjtJjudi JJC.J (JLoxSjujI ^J^)la ^jC. Aj31£-a1I ^joi^JI ^LgjILg 

(jj^j (jl 

e jl£^VI cJ^l^ - ^ 

> < ; ij^)^£JI <^Ax^all L_flj^)la (jjdi^l jLudVI cJ^l^ (^j 

Step Potential® ^ 

jLudVI j^ (J^>h <jlj a J 
(jia^)VI ^9 ^jjjLd Ua^. djj^. L_fljL^aJJj ^ua^) jxi ^jol^. j^o aJlixj (.** un i\ ^-flLaui d d3^)^jj LoJlic. 

1 ^ jlc. 

jIjj jj A 5 -^jILg dlJiSj jj^^oli jjj <^jILg j j^j 4 u^V 1 l)£ l 3J^ ASli 

Ua^Jl djj^ ^1 jfiVI SLia. ^ ic. jijj (jxj^a djj^. ^1 jj^^ j^J ^joi^JI # 

djl^ll j-G Ajj^II j^LoVI is^J djUa^>Jl •s j^l a^Li jlj 

djUa^o ^9 ^jla i^VI (_5jlLoLXi ^Jajuj C** (^aJ^)lj ^)jL^a^£ (^aJ^)tj djlild ^Ia^JjujII - \ 

<jJa^)jAll djl^ll j >a Ajj^II j£L<iVlj. 

(j^i^N dll ^^^^9 jdJ ^jia^)VI A^jILg (JSj ^JldlUj (jia^)V I A^jILg 2 

Lijj^£ <Sjlcr dllij (jrfQ's dll ^^^^9 j^j (jjiA^tlll ^LgjILg a^ljj^- 3 
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Corona 


jLJill - 8 


^1*31 Cll^L^a JA (J Jad^dl £.1 J^-Sl 4 'NjVi d^AUa ^±u 

45^)^!] (JjLg lai ^ (Jiill 3a jb*v ^Jc. 4_Ia^.^La ^)JC> S^)JJ^ 

;4jjVI (J-al ^*Jb ^)jljjj dl jj^aJ S a^AUall aCA 

4C j djc!^} Ld^ ^(Jj^a jjg! ^Jajuj ^JL^, . \ 

^jjdl (J1 'N^lt cb^)l ^JajuJl 

^ S^AUal! jb^jj ^aJalLa 
— 5-j^la^ll Ajjuij ^ A jliJl <UL^ .2 

— L $ -laxjJall — <^p 

^ JaJ^cJl ^UJI 

\ ^ ^ ^lsLulaI!^ l '' ^ J< juj 2 

Ujjj^ll 1 g ji ud c_j jax! \ (j^j 

AjsILci djjC^. 

dj^j^a ^Lgjuj 

(Jj^a ^}!^jAI 

jjcl^ll cl A ^ j* dj^Lklcj 



6 J' 


(JjL^a ^ a! 1 ^ * »■ ^ Jjj^Ia (jC* dl5i ^lijj ^-<31 ^-^.^)L^3l ^3ajuJl 3 _^.Loia Scljj (JjJ^Ia (jC* bj^)j£Jl (JJsj cJ^")j 
. J^a^all ^c. short circuit lU=- £ bundle conductors JW ja j jj£I jl uA-^r^' 


H.F. SKIN EFFECT 

CURRENT PENETRATION DEPTH IN STEEL (CURRENT SHOWN IN BLUE) 


oo 



60Hz. 

6” (1 50mm) 


1000Hz. 
0.2" (5mm) 


400KHz. 

0.030" (0.75mm) 


Skin effect 4 jj^< SjAllall _ 9 

^Jajuoll ^gic. jUll JJJ* SjAUa ^A 

6 j9 4 'vjn (Jj^a ^ 4_l^.^)L^3l fi^juafill ^ ^_^.^L^3l 

jjj* ( dLd <J*.b induced EMF 

^3l£^)Al3ail dlti j ^ 4 yW 4jubua ^ 4-l^.b ^)Lnll 
^9 <jCr (Jj^a ^L gjILg j (Jj^a (J^b ClJl 

CC^ill fiCb^j a^)AUall aCA cb^)jj^)-CLaiAll jliill AlU 


Skin Effect contribution for round conductors at 60 Hz can be 
approximated using the following formula: 


Yes =11.18/ (Rdc~2 +8.8) 


Where Yes = Ski n Effect expressed as a number to be added to the 

dc resistance 

Rdc =dc resistance of the conductor in micro-ohms per 
foot at operating temperature 
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Personal Protective Equipment (PPE ) ^UVI _1Q 


(JL_^g Iaa.^. 1 jli c ^ i ill d A aq *31 <Al A i c_jLj£JIj djLaill &aa 

SAjl-g <j_C> j\ \x'\ xj.iV! (j Vj c-IjjI ^)Jal ~\a\\ 11 Vi (J^.1 4-AjI^JI -lajlo'sll 

* ^A j ^jjLgLsJI ^Lg^Luj ^ic. LlalL^ C1 jIa*_a]| Alla qa 

Safety belts ( harnesses ) nt*Vl *1^ 


Safety Helmet 
Coverall 
Gloves 
Glasses 
Safety Boots 


(jLaVI flAa. .1 
(jUiVi dija* .2 

( Jjj^Vl) lU*J' .3 

y^\ j\ jliall .4 
4j&\ jll fijUaill # 5 

jLaVl S>lA^ .6 
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Safety Rules ^uSn 4c4jS _ n 

Basic Definitions V* 1 2 3 -* - ' uLjUj 

PTW: Permit To Work <_Ud' 

'iA*-a ^Ic. <_3 -a* 4_j (_£ ^al _jA 

EHV : Any apparatus operate at voltage exceeded 66 KV and above 
HV : Any apparatus operate at voltage exceeded 1000 V to 66 KV 
MV : Any apparatus operate at voltage exceeded 250 V to 1000 V 
LV : Any apparatus operate at voltage not exceeded 250 V 

Javuai) CjIJxa (ja ujHU J^xll ^jLaVl CjliLuta 
Rated Voltage Clearance 

Up to 33 KV 2.74 m ( 9 ft 0 inch ) 

Exceeding 33 KV but not exceeding 66 KV 2.97 m ( 9 ft 9 inch ) 

Exceeding 66 KV but not exceeding 132 KV 3.43 m ( 11 ft 3 inch ) 

Exceeding 132 KV but not exceeding 275 KV 4.57m(15ft0 inch ) 


<jj! Ja jti-v \l Uaxll die. jLiic-VI ^3 jll dlUal V I 

1 j UasJl ^Ifr t J 

^jxa (_£ 1 (jc. LgJ^C-j ' g U (_ya VslMij (Jjy<a3 .2 

JaiJl Ajlgjj 4 j|Aj Aic.'Lljaij^)ll _jVI ‘ . "f' J' .3 
(juxa ■»' •'-v”'. ,il ' UaaJI (_Jj 2 a jj 1 2] jLll^.1 (JaC. 4 

4 ^ aXalr-xi AAj jJaJ j )V ' ‘ _ ' 5 J ' .5 

l&Aic. ajl.21 JalSj Aic. Vi' ~s jl ‘ _ '.f'jj' .6 

VI' s. V' V' ^a^.| ^Jc-j S'j. — .o e^jjl.21 aLaji ^Ic. .7 


1 - Leonard L.Grigshy (Electric power transmission ) 

2 - Dr. S.L.Uppal (Electric power ) 

3 - William D. Stevenson (Elements of power system analysis ) 

Cj ^ lv Jlla^VI (JA ^11 ji! JjjJalf) Sjjjjj IpuaA] -LaL^ /^ # J — LjjjsJljC- jjauu/^ _ 4 

^ Ag 'nII A j 1 V 1 5_iA^xjuJl 5-SixuJLj <Lat*_ll 5 jouoj^a1I — 5 

^ ^ a ^\) n«j djUx^l^all — ^ 

( cii^c ^1^1! - 7 

CIjIAjlaIIj Cl il du^lUVI £^1 ja — 8 

ahmedsobihl 62@yahoo.com lV 
ahmedsobihl28@gmail.com 
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